The aim of this study was to determine the relationship between obesity and osteoporosis. A total of 30 Saudi women, aged between 20 and 50 years, were selected randomly. We calculated each subject's body mass index (BMI) and determined their lumbar and femur bone mineral densities using dual-energy X-ray absorptiometry (DXA). We examined the interaction between obesity and bone mineral density (BMD) using logistic regression, after adjusting for age, family history of osteoporosis, maternal fractures, smoking, and any sedentary lifestyles. BMI was shown to be the most effective independent variable with respect to bone density. We evaluated the Pearson correlation coefficients of BMI, BMD of the lumbar spine, and BMD of the femoral neck with reference to the variables of the study, and found a significant correlation (P < 0.05) between obesity and osteoporosis. In conclusion, we showed that obese women (BMI > 30 kg/m 2 ) were at increased risk of osteoporosis at the femoral neck and severe osteopenia in the lumbar spine.
Introduction
Obesity is one of the main health problems affecting both developing and developed countries; obesity has reached epidemic proportions and threatens the health of individuals and communities [1] . In the United States, more than 60 percent of the population is obese [2] .
An exploratory study in Saudi Arabia reported that the obesity rate was 23 percent among males and 30 percent among females aged between 18 and 30 years, increasing to 39 percent in males and 47 percent in females who were be-Food and Nutrition Sciences tween 30 and 50 years of age, and reaching 56 percent in males and 58 percent in females between 50 and 60 years of age [3] .
Obese people are more susceptible to diseases than those of moderate weight [4] . Morbidly obese individuals are at high risk of developing diabetes, hypertension and cardiovascular disease. These conditions remain the leading causes of death globally [5] . Osteoporosis is defined as a loss of basic metals from bones. It increases susceptibility to bone fractures involving the lumbar spine, femoral neck and wrist [6] [7] .
This research aimed to determine the relationship between obesity and bone density in Saudi women.
Materials and Methods
We studied a random sample of 30 women attending the obesity clinic at King Faisal Specialist Hospital and Research Center in Riyadh. We used a cluster sample. We selected the summer season of 2015 at random, and randomly selected three weeks of that season to collect data regarding women who attended during that period. The protocol of this study was approved by the research ethics committee and informed consent was acquired from each of the women, who agreed to participate voluntarily. The patients' ages ranged between 20 and 50 years.
Procedures
Completion of the Questionnaire Data were collected using a questionnaire which elicited the necessary information to achieve the goals of the study. The questionnaire was completed through personal interviews with women who agreed to participate.
The questionnaire collected the following data:  Demographic figures including age;  Anthropometric measurements including body weight and height, from which was calculated each person's body mass index (BMI);  Health history and nutritional information, including daily food consumption that might affect bone density.  Questions were asked on the following topics:  How much each participant was exposed to sunlight, including the frequency and amount of time of exposure, and which parts of the body were exposed to sunlight;  Quantities of cigarette smoking and duration of smoking;  Pregnancy status and breastfeeding;  Physical activity.
The lumbar and femur BMDs were determined using dual-energy X-ray absorptiometry (DXA). DXA is considered one of the most widespread and accurate methods for determining BMD. To perform DXA, the patient is placed in the supine position with the knees raised, and the legs are placed on a special frame to measure the bone density of the pelvis. Then the legs are straightened to measure the spine bone density. One beam passes through the bone while a second beam passes through the muscles and tissues. Bone density is determined by computers connected to the device. Upon completion of the examination, which takes less than 30 minutes, information can be acquired that includes the BMD of the examined area. The results of the DXA examination can be divided into three groups (normal, showing osteopenia, and showing osteoporosis).
Statistical Analysis
The data were analysed using the statistical package for the social sciences (SPSS).The results were expressed as percentages, with the mean and standard deviations for the samples. A Pearson correlation coefficient was used to determine the relationship between variables. One-way analysis of variance (ANOVA) was used to determine the significance of differences between variables (P < 0.05 was taken as significant). Multiple linear regressions were used to determine the effect of study variables on bone density.
Step-wise regression was employed to identify the most influential variables in the study.
Results

Sample Description
The study was conducted to improve understanding of the relationship between obesity and bone density. A random sample of 30 women aged between 20 and 50 years was obtained. The results are shown in Table 1 .
The average age of the sample was 43 years (standard deviation = 17.8 years).
The average BMI was 32.14 kg/m 2 , and the average lumbar bone density and femoral neck bone density was 0.93 gm/cm 2 and 0.80 gm/cm 2 , respectively.
The World Health Organization uses a T-score for classification of bone density. The average T-score indicated that most individuals (56.7%) had weak lumbar spine bones and nearly two-thirds (64.7%) had weak femoral neck bones (Table 1) .
Information about Lifestyle of Study Sample
The results show that most of the participants (57%) were exposed to sunlight at least twice a week (Table 1) . Sixty percent of the sample had experienced three or more pregnancies and just over half of the participants (53.3%) had breastfed.
Seventy percent of the group had irregular menstrual cycles. Table 1 shows that most of the women (60%) engaged in regular exercise of at least 10 minutes per day.
Only seven percent of the study subjects were smokers and a very small percentage (3.3%) reported suffering from chronic diseases (hypertension, diabetes mellitus, and thyroid disease). As shown in Table 1 , 67 percent of the participants took supplements, mainly calcium and vitamin D.
The study shows that 43.3 percent of the group consumed one glass of milk and milk products per day, while only a small percentage (6.7%) consumed the recommended amount, which is three glasses (Table 1) . Coffee and tea were the most popular drinks compared with other caffeine-containing beverages. It was found that 40 percent of women consumed between three and five cups of coffee and tea daily. The majority of individuals (80%) did not drink carbonated beverages.
To calculate the type and strength of the relationship between independent and dependent variables, the Pearson correlation coefficient was used. It was shown to have an inverse relationship (P < 0.05) between BMI, as an independent variable, and BMD of the lumbar spine and of the femoral neck as dependent variables. Thus the greater the BMI, the lower the bone density (Table 2) . The results also show a positive relationship (P < 0.05) between exposures to the sun two or three times a week for about 10 to 15 minutes each and BMD of the femoral neck.
Also, there was a positive relationship (P < 0.05) between the amount of physical activity per week and BMD of the femoral neck. There was a statistically significant relationship (P < 0.05) between consumption of dairy products per day and the BMD of the lumbar spine.
The results in Table 3 indicate that obese women in the study (BMI > 30 kg/m 2 ) had osteoporosis of the femoral neck and severe osteopenia of the lumbar spine.
All the women in this study showed decreased BMD regardless of regularity of their menstrual cycles. Bone density of the lumbar spine was normal in women who were exposed to sunlight, while BMD of the femoral neck was normal in women who engaged in physical activity. There was a loss of BMD with low intake of milk and milk products. Table 4 indicates that there were no statistically significant differences between the BMIs of the respondents as a function of BMD in the lumbar spine (T-score). This is shown by the insignificant F value (P < 0.07). However, Table   5 indicates the presence of statistically significant differences between BMIs of respondents as a function of the BMD of the femoral neck (T-score). This is shown by a significant F value (P < 0.01). The Scheffe test was used to detect the source of these differences (Table 6 ). Table 6 shows there were statistically significant differences (P < 0.05) between the BMIs of individuals with normal BMD and the BMIs of those with low BMD. Osteoporosis 35.20 * <−2.5 osteoporosis *Significant at a P < 0.05. T-score > −1 (normal bone mass). T-score between −1 and −2.5 (osteopenia). T-score < −2.5 (osteoporosis).
Accounting for Differences in BMI
obesity (30 kg/m 2 to 34.9 kg/m 2 ) had osteopenia. Thus as obesity increases, the loss of BMD increases.
Multiple linear regression analysis was used to determine the impact of independent factors on BMD. It was found that there was a linear correlation value (R = 0.757) between bone density variables and other study variables, such as age, BMI, times of physical activity per week, consumption of dairy products per day., This value is called the multiple correction between bone density in the femoral neck (BMDN) and study variables ( Table 7) . The "R2" value is a square value for the multiple correlation coefficient (0.573), which indicates that study variables are explained by the variation in lumbar spine variables by 57%, and the variation in the femoral neck variable by 59%, and the remainder of the value is due to random errors. The gradual regression method was used to determine the most effective variable of the study on bone density, and it was found that the BMI was the most significant effective independent variable on bone density P < 0.01 (Table 8 ).
Discussion
This study was conducted to determine the relationship between obesity and bone density in a sample of Saudi women. The study group had an average age of 43 years. The average BMI was 32 kg/m 2 , and the average bone density was low, which indicated a loss of bone density (Table 1) . Many previous studies refer to the role of sunlight exposure in bone building by converting vitamin 25 hydroxyvitamin D (25OHD) to the hormonal form 1,25-dihydroxyvitamin D (1,25(OH)2D), which is responsible for the synthesis of calcium carrier-protein [8] . In this study, we observed that average bone density in women exposed to sunlight was normal, while those who were not exposed to sunlight had low bone density in the lumbar spine (Table 1) . With respect to the femoral neck, there was loss of bone density, which is considered a risk indicator for pre-osteoporosis, possibly because there are other factors affecting bone density.
A recent study indicated the partial role of estrogen in maintaining bone density [9] . The present study showed no difference between obese women with regular menstrual cycles and those who had irregular menstrual cycles; both groups of women had bone density loss (Table 3) . This confirms the presence of (Table 3) than the recommended amount of three cups per day [10] . Women with normal bone density consumed a greater average number of servings of milk and milk products than women with low bone density, although the difference was not significant (Table 3 ). This finding confirms the role of dairy products in bone building. Dairy products are considered the most important source of several essential nutrients, including calcium, magnesium, phosphorus, potassium, protein and vitamin D, that work together to help protect bones [11] .
Most women who took part in the present study took regular walks, which could increase bone density and prevent bone fractures in females before menopause. Women who engaged in physical activity had normal bone density of the femoral neck (Table 3) . Thus, awareness regarding the role of dietary calcium intake and the need to practice weight-bearing exercise were important.
Many factors may be related to bone density. Obesity is one of the major considerations affecting bone density in the lumbar spine and femoral neck as compared with other factors. We conclude that the BMI of participants in this study was the strongest factor causing bone loss (P < 0.01). We also showed an inverse relationship between obesity and bone density (P < 0.05).
This study is in agreement with others which suggest that obesity is a co-factor for osteoporosis in the presence of other factors [4] [12] . Similarly, Dela et al. (2005) conclude that obesity is one of the main factors leading to loss of bone density and increases in the number of bone fractures compared with their occurrence in people of normal weight, if they are the same age, sex, and race [13] .
The results in the present study indicate that a high degree of obesity increases bone loss. This is consistent with the findings of Núñez et al. (2007) , who conclude that obese individuals have lower bone density compared with overweight individuals. This highlights the need to focus on the treatment of obesity because it is a main cause of many chronic and serious diseases, such as osteoporosis [14] .
